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Executive Summary 

The Massachusetts and Rhode Island Program Administrators (PAs) commissioned Cadmus and its 

subcontractors, Navigant and Tetra Tech, (the evaluation team) to conduct an in situ evaluation of 

ductless mini-split heat pumps (DMSHPs). The evaluation team initially planned to study 132 

Massachusetts homes that participated in the COOL SMART Program. The PAs, however, extended the 

scope of work to include 20 Rhode Island homes that participated in the High Efficiency Heating and 

Cooling Rebate Program. 

Research Objectives 
The evaluation sought to address many utility and consumer questions about DMSHPs, focusing on 

power and energy consumption, heat output, efficiency, and interactions with existing HVAC equipment. 

The specific research questions follow:  

¶ How much energy is being saved with the average installation of a DMSHP through the 

programs? 

¶ What are the relevant baseline equipment configurations and associated energy consumptions 

and load shapes?  

¶ During each season, when are DMSHPs operating, how much energy are they consuming, and 

how much heating and cooling are they providing?  

¶ How does DMSHP performance correlate with rated capacity, rated efficiency, and ambient 

conditions?  

¶ How do cold-climate DMSHPs and standard unit performances compare?  

¶ How does unit sizing affect heating performance? 

¶ How do DMSHPs interact with central heating systems?  

¶ What factors limit the use and performance of DMSHPs? 

¶ Are program contractors sizing DMSHPs properly?  

Sample Design 

The evaluation team used the following participant parameters to stratify program populations into 

key groups:  

¶ Cold-climate or non-cold-climate unit sites1 

                                                           

1  DMSHP manufacturers offer units that claim high performance at very cold (below 0 °F) outdoor ambient 

temperatures. The evaluation team used the Efficiency Vermont Technical Reference Manual that was current 

ŘǳǊƛƴƎ ǘƘŜ ǎǘǳŘȅΩǎ planning phase to identify cold-climate units. As the report shows, units not characterized 

as cold climate can operate at 0 °F, although there are not the same claims of high performance at very cold 

temperatures. 
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¶ Single- or multi-head unit sites2 

¶ Installed by the largest vendor or by all other contractors 

Lƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ ŜǾŀƭǳŀǘƛƻƴ ǎǘŀƪŜƘƻƭŘŜǊǎΣ ǘƘŜ ǘŜŀƳ ƛŘŜƴǘƛŦƛŜŘ ǘƘŜǎŜ ǇŀǊŀƳŜǘŜǊǎ ŀǘ ǘƘŜ ǎǘǳŘȅΩǎ 

outset, and then used them to inform sample targets during the participant recruiting process. Initially, 

the team designed the sampling based on aŀǎǎŀŎƘǳǎŜǘǘǎΩ нлмнς2013 program population, but later 

ŜȄǇŀƴŘŜŘ ǘƘƛǎ ǘƻ ƛƴŎƭǳŘŜ aŀǎǎŀŎƘǳǎŜǘǘǎΩ нлмп ǇǊƻƎǊŀƳ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ wƘƻŘŜ LǎƭŀƴŘΩǎ 2013 program 

population. Massachusetts participants from the 2014 program year did not receive online surveys (i.e., 

the study added them after the surveys had been completed). In 2015, a separate Rhode Island survey 

examined the similarity between Massachusetts and Rhode Island populations. This sought to justify the 

application of the study results to the Rhode Island population. Sample sizes were determined by the 

PAs and the evaluation team with a target of 90/20 confidence and precision for each stratum, assuming 

a coefficient of variation of 0.7. Table ES-1 details these program populations, as measured by 

participant surveys, program tracking data, and collected evaluation data.  

Table ES-1. Program Populations Strata 

Sites 

MA 2012ς

2013 Program 

Participant 

Share 

MA 2014 

Program 

Participant 

Share 

RI 2013 

Program 

Participant 

Share 

Study 

Sample 

Participant 

Share 

Study Sample 

Participant 

Planned 

Target 

Study 

Sample 

Participant 

Count 

Cold-climate unit sites(1)  41% 15% 22% 51% 34 78 

Non-cold-climate unit sites 59% 85% 78% 49% 34 74 

Single-head unit sites 48% Unknown(2) 73% 50% 34 107 

Multiple-head unit sites 52% Unknown 27% 50% 34 45 

Installed by largest (MA) 

vendor sites 
13% 7% 0% 28% 34 43 

Installed by all other 

vendor sites 
87% 93% 100% 72% 34 109 

Population Total 3,229 1,055 507 n/a n/a n/a 

Sample Total(3) 112 20 20 n/a 135 152 
(1)All cold-climate unit sites contained single-head units only.  
(2)Because 2014 Massachusetts participants were not surveyed, these data were not readily available for the total 
program population. 

(3)Many categories overlap, producing a strata total greater than the overall totals. 

 
 
 
 
 

                                                           

2  A DMSHP consist of an outdoor unit that serves one or more indoor heads that deliver heating and cooling. 

Single-head units have one such head; multi-head units have more than one head. 
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Figure ES-1 shows the locations of studied homes and systems in Massachusetts and Rhode Island.  

Figure ES-1. Locations of Sampled Residences 

 
 
Table ES-2 shows the average nameplate attributes of DMSHPs metered at the 152 sites. Units averaged 

about 1.3 tons and just over 20 SEER and 10 HSPF. 

During the pilot phase in summer 2014, the team initially installed metering equipment at 30 sites. The 

team then installed metering equipment at 102 sites during fall 2014 and at the remaining 20 Rhode 

Island sites in January 2015. During spring 2015, three homeowners sold their homes, and the team 

removed meters prior to closing. Initially, the study planned to remove all meters in fall 2015, but, as 

winter 2014/2015 experienced an unusually large amount snowfall that buried many outdoor units, the 

study sponsors decided a portion of meters should be left in for winter 2015/2016. In fall 2015, roughly 

45 Massachusetts sites were removed; the remaining 85 were removed in spring 2016. !ǘ ǘƘŜ ŎƭƛŜƴǘΩǎ 

request, the team removed all meters on Rhode Island sites in late fall 2015. 
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Table ES-2. Average Nameplate Ratings for Outdoor Units 

System 

Category 

Sample 

Size 

Average Rated 

Cooling Capacity 

(nominal cooling 

at 95°F)(1)  

[Btu/h]  

Average 

Rated 

Heating 

Capacity at 

47°F 

[Btu/h]  

Average 

Rated 

Heating 

Capacity at 

17°F 

[Btu/h]  

Average 

Rated 

EER(2)  

[Btu/Wh]  

Average 

Rated 

SEER(3) 

[Btu/Wh]  

Average 

Rated 

HSPF(4) 

[Btu/Wh]  

All 152 16,435 19,491 11,426 13.2 20.6 10.3 

Cold Climate 

Units (CC) 
78 14,680 17,985 10,409 13.8 22.3 11.0 

Non CC, multi 45 20,444 23,484 13,682 12.4 17.9 9.2 

Non CC single 29 14,414 17,268 10,632 12.7 20.3 10.2 
(1)Capacity is measured per Air-Conditioning, Heating, and Refrigeration Institute (AHRI) guidelines for various 

outdoor temperatures: 95 °F, 47 °F, and 17 °F. 
(2)Energy Efficiency Ratio (EER) equals the cooling heating provided (in BTUs), divided by the power consumption in 

wattsτessentially the coefficient of performance (COP) times 3.412. It is tested at an outdoor temperature of 
95°F and an indoor temperature of 80°F. 

(3)Seasonal Energy Efficiency Ratio (SEER) equals the cooling heating provided (in BTUs), divided by the power 
consumption in wattsτessentially the coefficient of performance (COP) times 3.412. It is tested at outside air 
temperatures ranging from 67°F to 95°F, with the lower temperatures weighted more heavily, and is meant to 
represent seasonal performance. The indoor temperature is set to 80°F. 

(4)Heating Seasonal Performance Factor (HSPF) equals the heating provided (in BTUs), divided by the power 
consumption in wattsτessentially the COP times 3.412. It is tested at outside air temperatures ranging from 
17°F to 62°F, and represents seasonal performance. The indoor temperature is set to 70°F. 

Findings 

Analysis Notes 

This report uses many box and whisker plot graphs. The boxes show a range of data from the 25th to the 

75th percentile, otherwise known as the 1rst and 3rd quartiles. The middle line in each box is the median 

data point, or the 50th percentile. Half of the data lie above this line and half fall below. The lines 

extending above and below the boxes represent the upper 25% and lowest 25% of the 

data, respectively.  

The evaluation team based all energy-use ŎŀƭŎǳƭŀǘƛƻƴǎ ƻƴ άǎƛǘŜέ ŜƴŜǊƎȅΣ meaning the calculations did not 

include line losses and energy-generation losses. Compared energy costsτenergy costs at the site or 

meterτrepresent the amount paid by the consumer.  

In all, the study metered 152 homes. Of these, nearly all power meter files were sufficiently complete 

for a basic analysis. This studyΩǎ ŀƴŀƭȅǎŜǎ ǿŜǊŜ based on continual logging of BTUs and COP. To meter 

this effectively, meter sets had to concurrently log total power, fan amperage, supply temperature and 

relative humidity (RH), and return temperature and RH. If these parameters were not metered for a 

period, BTUs could not be calculated for that period. Consequently, sample sizes (n) shown in the graphs 

were lower than 152. Similarly, 85 sites metered for winter 2015/2016 resulted in sample sizes lower 
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than 85 for the second consecutive winter. Nevertheless, as this study represents the largest DMSHP 

study completed to date, the net sample sizes provide a broad and detailed view of DMSHP operations.  

We present results for two winters: 2015 where near historically deep snowfalls buried many units for 

up to 1 month and 2016 which was warmer and had little snow.  Because the units were buried and not 

fully functional for 2015 and because this is not likely to re-occur, we recommend using the winter 2016 

ǊŜǎǳƭǘǎΦ  .ƻǘƘ ǿƛƴǘŜǊΩǎ ǊŜǎǳƭǘǎ ŀǊŜ ǎƘƻǿƴ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǊŜǇƻǊǘΦ  

Operating Hours 

Table ES-3 shows simple run-time hours for metered DMSHPs, with a unit logged as running if its power 

draw exceeded a threshold standby power of 60W. Looking at the nominal heating season, the average 

unit ran about 27% of the time (793 hours) during 2015, and about 24% of the time (703 hours) during 

2016. Note that an operating hour differs from a full-load hour in that an operating hour simply means 

that the unit remained on at some capacity, whereas a full-load hour indicates the unit ran at full 

capacity. 

Table ES-3. Observed Run Hours for Nominal Heating and Cooling Seasons* 

Season 
Example Period of 

Operation 

Season 

(Days) 

Season 

(Hours) 

Mean Percent 

Runtime 

Operation 

Hours 

Winter 2015 December-March 121 2,904 27.3% 793 

Summer 2015 June-August 92 2,208 19.4% 428 

Winter 2016 December-March 121 2,904 24.2% 703 

*These observed run times address periods where the unit drew more than 60W (non-standby). 

 

Equivalent Full Load Hours 

Table ES-4 shows the average equivalent full load hours (EFLH) across all units for two heating seasons 

and one cooling season studied, comparing these values with those prescribed in the Massachusetts and 

Rhode Island Technical Reference Manuals (TRMs) and the averages of the top 25% of sites in the study. 

Values for the two heating seasons (442 and 451) remained consistent with the value (447) presented in 

ǘƘƛǎ ǎǘǳŘȅΩǎ October 12, 2015, Heating Memorandum, but differed from the current 1,200 TRM value. 

The summer value (218) was roughly 15% lower than the value shown in the Cooling Memorandum3 

(distributed in February 2016 and finalized (259) on May 2, 2016), and differed from the 360 TRM value. 

This reduction in average cooling EFLH ǊŜǎǳƭǘŜŘ ŦǊƻƳ ǘƘƛǎ ǊŜǇƻǊǘΩǎ use of site-specific, typical 

meteorological year (TMY) data, in contrast to statewide TMY data used in the memo, as well as the 

evaluation team filtering out energy usage that consumed power but did not provide cooling. The right 

most column of Table ES-4 shows the average EFLH of the units in the top 25th percentile.  These values 

are at or above the TRM values. 

                                                           

3  Cadmus Group. Ductless Mini-Split Heat Pump Draft Cooling Season Results. January 22, 2016. 
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Table ES-4. Average EFLH  

Season 
2013ς2015 

MA TRM 

2014 RI 

TRM 

Average 

Study EFLH 

Average of Top 25% of 

Measured EFLH 

Winter 2015 1,200 1,200 442 1,275 

Summer 2015 360 360 218 499 

Winter 2016 1,200 1,200 451 1,117 

 
This study produced EFLH lower than values indicated in the applicable Massachusetts and Rhode Island 

TRMs for conventional heating and cooling systems (e.g., gas-fired furnaces, central air conditioning). 

These variances occurred for the following reasons: 

¶ Not all units were used routinely for each season. Many units were lightly used (or not used at 

all) for heating or cooling. Figure ES-2 illustrates this behavior, with the bottom of the box 

indicating the 25th percentile of the hour range at or very near zero for winter 2015.  

¶ Many units remained off during ǘƘŜ ǎǳƳƳŜǊΩǎ cooler periods. 

¶ Some units in heating mode operated coincidently with primary systems (many of which were 

fossil fuel-based). 

¶ Systems were sized larger than the cooling needs of the immediate spaces they served, as 

discussed later in the report. 

¶ The units operated at some level for 19% to 27% of the time for the two winter and one summer 

season, and were off or on standby for much of the time (Table ES-2). Comparing the EFLH to 

the total operating hours one can see that the units operate on average at about 56% and 64% 

of capacity for winter 2015 and winter 2016 and at about 51% of capacity for the summer.  

¶ TRM sources for legacy EFLH values could be inappropriate for DMSHPs. The cooling EFLH value 

(360) was based on a 2009 study of central air conditioners. The heating EFLH value (1,200) was 

ǎƻǳǊŎŜŘ ŦǊƻƳ ŀ άaŀǎǎŀŎƘǳǎŜǘǘǎ /ƻƳƳƻƴ !ǎǎǳƳǇǘƛƻƴέ ŀƭǎƻ ǳǎŜŘ ŦƻǊ ƻǘƘŜǊ ǘȅǇŜǎ ƻŦ ƘŜŀǘƛƴƎ 

equipment. Both legacy values appear high relativŜ ǘƻ ǘƘƛǎ ǎǘǳŘȅΩǎ ŦƛƴŘƛƴƎǎΣ ǎǳǇǇƻǊǘing the 

theory that homeowners used DMSHPs differently than conventional heating or 

cooling equipment. 

¶ The average ELFH of the top 25th percentile of units have values close to or above the TRM 

values. 
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Figure ES-2. DMSHP EFLH vs. Season* 

 

*The blue boxes delineate first and third data quartiles. The lines (whiskers) indicate upper and 

lower quartiles. The plus symbols represent outliers (points greater than or less than 1.5*(Inter 

Quartile Range), where the IQR equals the distance between the first and third quartiles). 

 
Figure ES-3 more closely examines this variation, showing that units bought for άōƻǘƘ ƘŜŀǘƛƴƎ ŀƴŘ 

ŎƻƻƭƛƴƎέ were used much more for heating than units where users identified their purchases as for 

άŎƻƻƭƛƴƎ ƻƴƭȅΦέ ²ƛƴǘŜǊ нлмс ǿŀǎ ŀ ƳƛƭŘŜǊ than winter 2015, and units operated more efficiently during 

the former season, resulting in lower EFLH for users intending άōƻǘƘ ƘŜŀǘƛƴƎ ŀƴŘ ŎƻƻƭƛƴƎΦέ 5ǳǊƛƴƎ ǿƛƴǘŜǊ 

нлмсΣ ǳƴƛǘǎ ǇǳǊŎƘŀǎŜŘ ŦƻǊ άŎƻƻƭƛƴƎ ƻƴƭȅέ ǎŀǿ ǎƻƳŜ ƘŜŀǘƛƴƎ ǳǎŀƎŜΦ  
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Figure ES-3. DMSHP Usage vs. Purchase Intent and Season 

 
 
Table ES-5 shows average savings per DMSHP by season and baseline system. As the evaluation team 

expected, homes heated by electric resistance realized the highest savings; the lowest savings were for a 

DMSHP (HSPF = 8.2). Three columns present energy use and savings:  

¶ Electricity consumed by the DMSHP 

¶ Energy saved by heat provided by the DMSHP 

¶ Net energy savings after subtracting DMSHP electric consumption 

Credit was not taken for the reduction of energy used by a conventional furnace fan or boiler pump. This 

assumption is conservative because there is likely some reduction in fan and pump use, however, 

without a pre post study of DMSHP use it is difficult to discern the reduction. On average, a standard 

boiler pump uses about 120 kWh per year4 and a fan uses about 440 kWh5 per year for heating. Where a 

DMSHP can be used as the primary source of heating, this electricity use could be substantially reduced, 

increasing savings and decreasing DMSHP net electricity use. 

                                                           

4  Forthcoming Cadmus boiler pump study for National Grid. 2016. 

5  Air-Conditioning, Heating & Refrigeration Institute (AHRI) average = 365W/ 1,000 CFM. At 1,200 CFM and 

1,000 run-time hours, this is 438 kWh. 
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Savings 

For electric savings, the study used actual DMSHP performance, decrementing ǘƘŜ ōŀǎŜƭƛƴŜ ǳƴƛǘΩǎ 

ŜŦŦƛŎƛŜƴŎȅ ŦǊƻƳ ƛǘǎ ƴŀƳŜǇƭŀǘŜ ǊŀǘƛƴƎ ōȅ ǘƘŜ ǎŀƳŜ ǇǊƻǇƻǊǘƛƻƴ ǘƘŀǘ ǘƘŜ ŜŦŦƛŎƛŜƴǘ ǳƴƛǘΩǎ ǇŜǊŦƻǊƳŀƴŎŜ 

differed from its rating. Cooling savings increased with lower efficiency baselines. Savings calculations 

relative to a central air conditioner baseline included a 15% duct loss,6 decreasing ǘƘŜ ŎŜƴǘǊŀƭ ǳƴƛǘΩǎ net 

efficiency. Table ES-6 shows demand savings. 

Table ES-5. Energy Savings by Season and Baseline System 

Season Baseline System 
Sample 

Size 

Electric Usage 

of DMSHP 

[kWh] 

Baseline 

Energy 

Reduction  

Net Energy 

Savings 

Precision at 90% 

Confidence [%] 

Winter 

2015 

90% AFUE Furnace(1)  

98 

683 4.87 MMBtu 2.54 MMBtu 37 

85% AFUE Furnace(2)  683 5.16 MMBtu 2.83 MMBtu 36 

82% AFUE Boiler 683 4.54 MMBtu 2.21 MMBtu 39 

HSPF 7.7 DMSHP 683 907 kWh 224 kWh 21 

HSPF 8.2 DMSHP 683 851 kWh 168 kWh 21 

Electric Resistance 683 1,092 kWh 409 kWh 48 

Summer 

2015 

EER 9.8 Window AC 

114 

159 213 kWh 54 kWh 15 

SEER 13.0 Central AC 159 288 kWh 129 kWh 14 

SEER 13.0 DMSHP 159 245 kWh 86 kWh 14 

SEER 14.5 DMSHP 159 220 kWh 61 kWh 15 

Winter 

2016 

90% AFUE Furnace 

60 

763 6.9 MMBtu 4.3 MMBtu 37 

85% AFUE Furnace 763 7.31 MMBtu 4.7 MMBtu 36 

82% AFUE Boiler 763 6.44 MMBtu 3.83 MMBtu 37 

HSPF 7.7 DMSHP 763 989 kWh 226 kWh 22 

HSPF 8.2 DMSHP 763 929 kWh 166 kWh 23 

Electric Resistance 763 1,547 kWh 784 kWh 42 
(1) Duct losses assumed at 15%. 
(2) Baseline efficiency prescribed by relevant Massachusetts (2013-2015) and Rhode Island (2015) TRMs in force 

when the study began. 

 

                                                           

6  Massachusetts Technical Reference Manual, 2013ς2015 Program Years, HVAC-Duct Sealing, assumed 

baseline efficiency. 
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Table ES-6. Demand Savings by Season and Baseline System 

Season Baseline System 
Sample 

Size 

Electric 

Usage of 

DMSHP 

[kW] 

Baseline 

Power 

Reduction 

[kW] 

Average Peak 

Period 

Demand 

Savings [kW] 

Precision at 

90% 

Confidence 

[%] 

Winter 

2015 

90% AFUE Furnace 

98 

0.21 0 -0.21 33 

85% AFUE Furnace 0.21 0 -0.21 33 

82% AFUE Boiler 0.21 0 -0.21 33 

HSPF 7.7 DMSHP 0.21 0.28 0.07 22 

HSPF 8.2 DMSHP 0.21 0.26 0.05 22 

Electric Resistance 0.21 0.33 0.12 43 

Summer 

2015 

EER 9.8 Window AC 

114 

0.11 0.15 0.04 16 

SEER 13.0 Central AC 0.11 0.20 0.09 15 

SEER 13.0 DMSHP 0.11 0.05 0.06 15 

SEER 14.5 DMSHP 0.11 0.07 0.04 15 

Winter 

2016 

90% AFUE Furnace 

60 

0.25 0 -0.25 34 

85% AFUE Furnace 0.25 0 -0.25 34 

82% AFUE Boiler 0.25 0 -0.25 34 

HSPF 7.7 DMSHP 0.25 0.33 0.08 24 

HSPF 8.2 DMSHP 0.25 0.31 0.06 25 

Electric Resistance 0.25 0.58 0.33 38 

 
To examine the practical potential savings achievable by DMSHPs used more frequently, the evaluation 

team took sites in the top 25%, based on savings. Table ES-7 and Table ES-8 show savings for this 

subpopulation. Usage and savings were much higher than the mean, as one would expect 

mathematically. In practical terms, these were savings expected upon removing units lightly used or not 

used from the population.  
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Table ES-7. Energy Savings, Each Baseline Applied to All Sites, Top 25% 

Season 
Baseline 

System 
Sample Size 

Electric 

Usage of 

DMSHP 

[kWh] 

Baseline 

Energy 

Reduction 

Average Energy 

Savings 

Precision at 

90% 

Confidence 

[%] 

Winter 2015 

90% AFUE 

Furnace 

25 

1,414 14.7 MMBtu 9.84 MMBtu 22 

85% AFUE 

Furnace 
1,414 15.5 MMBtu 10.70 MMBtu 22 

82% AFUE 

Boiler 
1,414 13.1 MMBtu 8.86 MMBtu 22 

HSPF 7.7 

DMSHP 
1,894 2,536 kWh 642 kWh 10 

HSPF 8.2 

DMSHP 
1,894 2,382 kWh 488 kWh 11 

Electric 

Resistance 
1,414 3,287 kWh 1,873 kWh 24 

Summer 

2015 

EER 9.8 

Window AC 

29 

358 484 kWh 126 kWh 12 

SEER 13.0 

Central AC 
371 663 kWh 292 kWh 11 

SEER 13.0 

DMSHP 
363 556 kWh 193 kWh 12 

SEER 14.5 

DMSHP 
332 468 kWh 136 kWh 14 

Winter 2016 

90% AFUE 

Furnace 

15 

1,566 
18.68 

MMBtu 
13.34 MMBtu 30 

85% AFUE 

Furnace 
1,566 

19.78 

MMBtu 
14.44 MMBtu 30 

82% AFUE 

Boiler 
1,566 

17.43 

MMBtu 
12.09 MMBtu 31 

HSPF 7.7 

DMSHP 
1,862 2,433 kWh 571 kWh 13 

HSPF 8.2 

DMSHP 
1,761 2,184 kWh 423 kWh 15 

Electric 

Resistance 
1,566 4,188 2,622 kWh 33 

 
Similarly, Table ES-8 shows demand savings for the top 25% of sites. 
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Table ES-8. Peak Demand Savings, Baseline Applied Based on  
Survey Responses and Existing Systems, Top 25% 

Season 
Baseline 

System 
Sample Size 

Electric 

Usage of 

DMSHP [kW] 

Baseline 

Power 

Reduction 

[kW] 

Average 

Peak Period 

Demand 

Savings [kW] 

Precision at 

90% 

Confidence 

[%] 

Winter 

2015 

90% AFUE 

Furnace 

25 

0.47 0 -0.47 18 

85% AFUE 

Furnace 
0.47 0 -0.47 18 

82% AFUE 

Boiler 
0.47 0 -0.47 18 

HSPF 7.7 

DMSHP 
0.62 0.82 0.20 13 

HSPF 8.2 

DMSHP 
0.56 0.70 0.14  14 

Electric 

Resistance 
0.47 1.02 0.55  19 

Summer 

2015 

EER 9.8 

Window AC 

                   29 

0.24 0.33 0.09  13 

SEER 13.0 

Central AC 
0.25 0.45 0.20  11 

SEER 13.0 

DMSHP 
0.23 0.36 0.13  12 

SEER 14.5 

DMSHP 
0.22 0.31 0.09  13 

Winter 

2016 

90% AFUE 

Furnace 

15 

0.54 0 -0.54 25 

85% AFUE 

Furnace 
0.54 0 -0.54 25 

82% AFUE 

Boiler 
0.54 0 -0.54 25 

HSPF 7.7 

DMSHP 
0.61 0.80 0.19  12 

HSPF 8.2 

DMSHP 
0.61 0.76 0.15  15 

Electric 

Resistance 
0.54 1.64 1.1  26 
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Using baseline weighting from the previously published Baseline Memorandum, the evaluation team calculated average weighted savings for each of the three 

studied seasons, both for a single and specific baseline, as shown in Table ES-9Φ ¢ƘŜ ǘŜǊƳǎ ά{ƛƴƎƭŜ .ŀǎŜƭƛƴŜέ ŀƴŘ ά{ǇŜŎƛŦƛŎ .ŀǎŜƭƛƴŜέ ŘƛŦŦŜǊŜƴǘƛŀǘŜ ǘƘŜ 

methodologies used in calculating savings; the former averages DMSHP usage across all participants and applies various baselines to the result, and the latter 

calculates savings using survey responses indicating participant specific baselines. Generally, winter 2016, with data unaffected by the large snowfalls of 2015, 

realized higher savings. Specific baselines showed savings similar to, or somewhat higher than, single baselines, but at poorer (higher) precisions.  

Table ES-9. Weighted Average Savings, Fuel Switching 

Fuel Switching Single Baseline Specific Baseline 

S
e

a
s
o

n 

Baseline 

System 

Base 

Eff. 

Efficiency 

Metric 

Savings 

Units 
n 

Mean 

Savings 

Mean 

Savings 

[kWh] 

Population 

with 

Baseline 

[%] 

Expected 

Baseline 

Savings 

[kWh] 

Precision 

[%] 

Sample 

Size 

Mean 

Savings 

Mean 

Savings 

[kWh] 

Pop. 

with 

Baseline 

[%] 

Expected 

Baseline 

Savings 

[kWh] 

Precision 

[%] 

W
in

te
r 

2
0

1
5 

Furnace 0.85 AFUE MMBtu 

98 

2.83 829 13% 108 36 10 1.62 475 13% 62 109 

Boiler 0.82 AFUE MMBtu 2.21 648 35% 227 39 27 2.83 829 35% 291 68 

ER 1 COP kWh 409 409 4% 16 48 3 398 398 4% 15 334 

DHP 7.7 HSPF kWh 224 224 48% 108 21 37 163 163 48% 78 41 

Weighted 

Total 
  100% 458 31   100% 446 71 

S
u

m
m

e
r 

2
0

1
5 

Window 

AC 
9.8 EER kWh 

114 

54 54 17% 9 15 9 93 93 17% 16 33 

CAC 13 SEER kWh 129 129 13% 17 14 7 95 95 13% 12 50 

DHP 13 SEER kWh 86 86 70% 61 14 38 103 103 70% 72 26 

Weighted 

Total 
    100% 86 14     100% 100 30 

W
in

te
r 

2
0

1
6 

Furnace 0.85 AFUE MMBtu 

60 

4.70 1378 16% 218 36 6 3.05 894 16% 141 103 

Boiler 0.82 AFUE MMBtu 3.83 1123 37% 414 37 14 6.17 1808 37% 666 82 

ER 1 COP kWh 784 784 5% 41 42 2 1778 1778 5% 94 35 

DHP 7.7 HSPF kWh 226 226 42% 95 22 16 176 176 42% 74 55 

Weighted 

Total 
    100% 768 31       100% 975 71 
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Table ES-10 shows non-fuel switching savings that are lower than fuel switching savings because baseline DMSHP savings are lower than fuel heating savings. 

Table ES-10. Weighted Average Savings, Non-Fuel Switching 

Non Fuel Switching Single baseline Specific baseline 

S
e

a
s
o

n 

Baseline 

System 

Base 

Eff. 

Efficiency 

Metric 

Savings 

Units 
n 

Mean 

Savings 

Mean 

Savings 

[kWh] 

Population 

with 

Baseline 

[%] 

Expected 

Baseline 

Savings 

[kWh] 

Precision 

[%] 

Sample 

Size 

Mean 

Savings 

Mean 

Savings 

[kWh] 

Pop. 

with 

Baseline 

[%] 

Expected 

Baseline 

Savings 

[kWh] 

Precision 

[%] 

 W
in

te
r 

2
0

1
5 ER 1 COP kWh 

 98 
409 409 8% 31 48 3 398 398 8% 30 334 

DHP 7.7 HSPF kWh 224 224 93% 207 21 37 163 163 93% 150 41 

Weighted 

Total 
  100% 238 23   100% 180 63 

S
u

m
m

e
r 

2
0

1
5 

Window 

AC 
9.8 EER kWh 

114 

54 54 17% 9 15 9 93 93 17% 16 33 

CAC 13 SEER kWh 129 129 13% 17 14 7 95 95 13% 12 50 

DHP 13 SEER kWh 86 86 70% 61 14 38 103 103 70% 72 26 

Weighted 

Total 
    100% 86 14     100% 100 30 

 W
in

te
r 

2
0

1
6 ER 1 COP kWh 

 60 
784 784 11% 87 42 2 1778 1778 11% 198 35 

DHP 7.7 HSPF kWh 226 226 89% 201 22 16 176 176 89% 156 55 

Weighted 

Total 
    100% 288 25       100% 354 53 
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Cold Climate Performance 

DMSHP manufacturers offer units with claims of increased performance at very cold outdoor ambient 

temperatures in raltion to standard units.  This report characterizes tƘŜǎŜ ŀǎ άŎƻƭŘ-ŎƭƛƳŀǘŜέ ǳƴƛǘǎ ŀƴŘ ŀƭƭ 

others ŀǎ ǎǘŀƴŘŀǊŘ ƻǊ άƴƻƴ-cold-ŎƭƛƳŀǘŜέ units. The evaluation team used the Efficiency Vermont TRM, 

current ŘǳǊƛƴƎ ǎǘǳŘȅΩǎ planning phase, to identify cold-climate units. DMSHP manufacturers continue to 

offer new units with claims of increased performance at very cold outdoor ambient temperatures. 

Currently, various makers claim DMSHPs offer 100% capacity at 20°F or at 5°F (depending upon how 

they are rated) and operate down to -15°F. 

Figure ES-4 and Figure ES-5 present COPs,7 plotted for cold-climate and non-cold-climate units against 

outside ambient temperatures for winter 2015 and winter 2016, respectively. Each data point 

represents averaged performance from many units. In terms of HSPF, the rated differences were 1.55 

for winter 2015 and 1.24 for winter 2016τequivalent to a COP difference of 0.43 and 0.36, 

respectively8.  This difference would average across the seasons (see the keys for Figure ES-4 and Figure 

ES-5). Data for winter 2015τalready noted for deep snowfalls that buried many unitsτindicated 

separation of efficiencies only at temperatures below 40°F. The COP separation grew to about 0.5 at 0°F. 

For winter 2016, without snowfall issues, separation of efficiency curves for the entire range of outdoor 

temperatures grew from about 0.4 at -10°F to about 1.0 at 50°F. These differences were consistent with 

HSPF ratings and appeared to show efficiency advantages across the temperature spectrum.  

The ratings difference also was consistent with comments the evaluation team heard from engineers at 

a major manufacturer; they stated that cold-climate units were of higher quality and featured more of 

the newest technologies. As cold-climate units drew the greatest customer demand, the engineers 

reasoned that putting more effort and innovation into cold-climate models made sense.  

Notably, observed non-cold-climate models operated at outdoor ambient temperatures below 0°F, but 

at lower efficiency levels than cold-climate models. It is difficult to separate improved cold-climate 

performance from overall, higher seasonal ratings. The 152 units metered through the study and 

installed prior to summer 2014 had an average 10.3 HSPF; cold-climate units had an average 11 HSPF. 

Today, units offer HSPFs up to 14. 

                                                           

7  For electrical resistance heating, the COP is 1.0; for fuel heating, it is equivalent to system efficiency  

(0.7 to 0.9). 

8  Delta_HSPF = 10.81 ς 9.57 = 1.24 Btu/Wh. Delta_COP = 1.24 Btu/Wh * 1/3.41 Wh/Btu = 0.36 



 

16 

Figure ES-4. Average Heating COP vs. Outdoor Air Temperature for  
Cold-Climate and Non-Cold-Climate SystemsτWinter 2015 

 

Figure ES-5. Average Heating COP vs. Outdoor Air Temperature for  
Cold-Climate and Non-Cold-Climate SystemsτWinter 2016 
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Figure ES-6 provides a two-dimensional map of electricity and fuel prices. A blue circle indicates average 

energy prices for winter 2016; a red triangle indicates energy pricing for winter 2015. The topographical-

style lines show a third dimension: the temperature breakpoint above which a DMSHP is less expensive 

to operate than an alternative fuel-fired heating system. For example, if the temperature breakpoint 

was 30°F, above this temperature the DMSHP is more economical to operate; below this temperature, 

the alternate heat source proved more economical to operate. The evaluation team derived these 

contours from averages of measured efficiencies for all types of DMSHP systems.  

The temperature dependence resulted from DMSHPsΩ decreasing efficiency at lower temperatures. For 

natural gas, the figure shows a temperature breakpoint above 70F° for either winter, meaning a DMSHP 

would essentially never be cost-effective, compared with an 80% efficient heating system.9 This 

effectively means a DMSHP does not offer a viable direct replacement for a gas-ŦƛǊŜŘ ǎȅǎǘŜƳ ŀǘ ǘƻŘŀȅΩǎ 

energy prices.  

The figure also shows a temperature balance point about 32°F for an oil-fired system in 2016 and 12°F 

in 2015. Both winters indicate a propane balance point of -15°F, meaning a DMSHP would always be less 

expensive than the propane option.  

Figure ES-7 shows the same analysis, but addresses units listed as cold climate. These units operate 

somewhat more efficiently, and the economic balance points shift to colder temperatures, where gas 

balance points were at or above 58°F for both winters. Oil-fired systemsΩ ōŀƭŀƴŎŜ Ǉƻƛƴǘǎ ǿŜǊŜ 26°F for 

2016 and 8°F for 2015. These values do not account for zonal savings. For example, if a homeowner 

could use a DMSHP to heat 30% less of their home, that temperature balance point would drop by 20°F 

or more.  

                                                           

9  Here, efficiency means system efficiency, inclusive of duct losses, and furnace fan and boiler pump energy use. 

It is lower than the rated or measured combustion efficiency. 
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Figure ES-6. Operational Break Point Temperature of Heating with DMSHP, Winter 2016, All Units 
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Figure ES-7. Operational Break Point Temperature of Heating with DMSHP,  
Winter 2016, Cold Climate Units 
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Discussion 
In general, the evaluation team found DMSHPs operated in highly variable ways, resulting in widely 

varying hours of use, power use, and savings among units. Some variation resulted from variable-speed 

designs, but the larger factor appeared to be the way users chose to operate their equipment. The 

following discussion addresses results from cooling, heating, and efficiency ratings.  

Cooling 

The evaluation team determined an average EFLH cooling value of 218, well below the 360-hour value 

assumed in the Massachusetts and Rhode Island TRMs. Units often operated at low capacity or even 

were turned off for periods. The following elements contributed to the low EFLH:  

¶ ¦ƴƛǘǎ ǎƻƳŜǘƛƳŜǎ ƻǇŜǊŀǘŜŘ ƛƴ ŘŜƘǳƳƛŘƛŦƛŜǊ ƻǊ άŘǊȅέ ƳƻŘŜΦ In dry mode, the indoor unit lowers 

coil temperatures to induce condensation formation. The unit then operates the fan on its 

lowest speed setting to not excessively decrease temperature in the space. 

¶ Some units that cooled a seldom-used space were turned on only when needed. 

¶ As DMSHP units experienced neither duct losses nor insufficient evaporator airflow (as some 

central air conditioning units might), they provided the same cooling level with fewer EFLH. That 

is: central air conditioners can lose efficiency at the air handler due to low airflow, and then lose 

more energy through duct leakage as well as through heat losses and gains as ducts pass 

through unoccupied spaces. DMSHPs do not experience these losses. 

¶ On average, units were sized to provide about 2.6 times the design-cooling load calculated using 

Manual J. This could result from contractors sizing DSMHP units to meet larger design-heating 

loads. Units also may be designed to cool adjacent spaces when doors to a cooled room remain 

open. 

¶ TRM sources for legacy EFLH values may be inappropriate for DMSHPs: the cooling EFLH value 

was based on a 2009 study of central air conditioners. 

Given these factors, the evaluation team found it unsurprising that the average EFLH for cooling fell 

below the TRM values. A low EFLH would reduce savings calculated by the TRM equation, but not 

necessarily mean reduced savings. For example, if ŀ ǳƴƛǘΩǎ size fell by 50%, the EFLH would roughly 

double, but the TRM equation would yield the same savings:  

2 (EFLH)* 0.5 (Capacity) = EFLH * Capacity 

The team based the above savings discussions on providing identical cooling amounts, but at varying 

efficiencies (i.e., an air conditioner with an effective 16 SEER could deliver cooling with 75% of the 

energy as an air conditioner with an effective 12 SEER). 

In many cases, DMSHPs produced additional savings beyond simply providing more efficient air 

conditioning from a purely mechanical standpoint (i.e. zonal savings). Therefore, they may be providing 

higher savings than indicated by comparisons to baselines. As the report addresses, DMSHPs were 

installed at a rate of approximately 1 ton of capacity per 1,043 s.f. of home floor area. This value is far 
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lower than typically observed for central air conditioners. Users frequently shut off DMSHPs due to 

unoccupied rooms or mild outdoor temperatures. Thereby, DMSHPs can deliver zonal savings by 

performing less cooling. DMSHP also can run in dehumidification modes, further reducing the need for 

cooling.  

When considering new construction programs, DMSHPs potentially could deliver savings from zonal 

behaviors when homeowners fully cool only a portion of their houses. Typically, central air conditioners 

do not offer this option; to cool one room, homeowners must cool their entire houses. In contrast, a 

DMSHP can cool one room at a time.  

For this study, the majority of DMSHPs served as the only cooling source. Homes cooled solely with 

DMSHPs used an average of 194 kWh for the cooling season, including standby power. Using the 

Massachusetts TRM value for ŀ ŎŜƴǘǊŀƭ ŀƛǊ ŎƻƴŘƛǘƛƻƴŜǊΩǎ EFLH (360 hours), a home would use 

approximately 830 kWh/season for a 2.5-ton unit, and about 1,000 kWh/ season for a 3-ton unit. This 

striking difference (830 ς 1,000 kWh vs. 194 kWh) argues for investigating marketing and incentivizing 

DMSHP units as an alternative to central air conditioners in new construction. 

Heating 

The study found a heating EFLH value of roughly 450 hours. In nearly all cases, observed DMSHP units 

provided heat coincidentally with other systems. In most cases, DMSHPs served as secondary systems, 

either to provide heat for a single space or to provide supplemental heat in addition to a primary 

system.  

The operational cost-effectiveness to a homeowner using a DMSHP for heating depended on alternative 

heating systems, energy prices for a given period, and outside air temperatures. Compared against 

electric resistance and propane heating, the DMSHP proved more cost-effective on average for all 

outdoor air temperatures typically observed during winters in Massachusetts and Rhode Island.  

For oil-fired systems, the relative energy price determined the temperature above which a DMSHP 

became more cost-effective. Current oil prices remain low relative to historic values, but DMSHPs 

proved cost-effective in comparison to oil. Compared to natural gas heating systems, DMSHP rarely 

proved cost-effective. This generalization excludes a scenario where a DMSHP heats a single space, 

negating the need to turn on a whole-house heating system.  

COP/SEER/HSPF 

For this study, DMSHP unit efficiencies were directly metered for winter and summer seasons. Most 

previous studies have estimated COP using metered power alone (not a very accurate technique), or 

calculated COPs for brief periods and small quantities of units. The evaluation team found unit 

efficiencies varied widely by site and from period to period. On average, field-measured seasonal 

efficiencies for most units were below their rated values, although some units met or exceeded their 

ratings. Measured SEER values below rated values could result from the following: 

¶ Some units were seldom used. 
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¶ Some homeowners used DMSHPs only to cool on the hottest days, with their resulting cooling 

efficiencies closer to rated EER values (i.e., the efficiency rating at 95°F). 

¶ SEER and EER tests run at specific conditions might not fully represent actual operations. In the 

SEER test, for example, return air was 80°Fτmuch warmer than most homes during 

cooling seasons.  

¶ Units were used for functions that reduced the rated performance, including fan-only modes 

and dry or dehumidification modes. These modes may help displace cooling, but, for these SEER 

calculations, simply show up as energy use without much delivered cooling. 

Measured HSPF values could fall below rated values for the following reasons:  

¶ Some homeowners used their DMSHPs during very cold outdoor conditions, when the resulting 

DMSHP COP was lower than its rated value. 

¶ HSPF tests run under specific conditions that did not fully represent actual operations.  

¶ Units operated at very low capacities (due to low heating needs) realized low efficiencies. 

¶ Site conditions caused units to run in defrost modes for long periods of time, decreasing 

efficiency. The evaluation team has completed other studies that found marked differences in 

the frequency of defrost cycles10 between brands. 

Although field-measured efficiencies generally fell below rated efficiencies, this does not mean that 

manufacturers are not being forthright. There are stipulated test procedures for cooling and heating 

(47°F and 17°F, respectively), and many manufacturers use third-party laboratories for much of their 

testing. Hence, they verify rated values. A number of units performed at their rated values, supporting 

ǘƘŜ ǘŜŀƳΩǎ contention that units can operate at rated efficiencies, and operating conditions and 

behaviors greatly contribute to delivered efficiencies.  

The study metered units with an average nameplate SEER of 20.6 and an average nameplate HSPF 

of 10.3. Further, manufacturers continue to increase the efficiency ratings of systems they offer. The 

marketplace currently offers an upper-range SEER of 33, with many units above 25 SEER. Manufacturers 

offer DMSHP units with rated HSPFs up to 14, with many units above 12 HSPF. These new units would 

have delivered cooling and heating more efficiently than units measured for this study.  

Savings Values 

EFLH and savings values are based on averages, which include lightly used equipment, and on the rated 

efficiencies of the studied equipment (which are below that now available in the marketplace). While 

current EFLH and savings values are low relative to legacy TRM values, the evaluation team has 

observed high heating usage and EFLH in northern New England by populations that are motivated to 

                                                           

10  Forthcoming study of DMSHP by Cadmus in Vermont and Illinois. 
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displace oil heat.11 The team recommends incentivizing the highest-tier efficiency levels to increase 

savings, and combining incentives with contractor and consumer education. This approach could help 

target higher-use customers that could produce savings towards the higher end of ǘƘƛǎ ǎǘǳŘȅΩǎ savings 

distributions.  

 Controls and Zoning 

Use of preexisting heating systems presented a factor limiting DMSHPǎΩ ǳǎŜ for heating. Most furnaces 

use single-zone systems, meaning a single thermostat and a single set point control ŀ ƘƻƳŜΩǎ 

temperature. In such homes, if the DMSHP heats one or even two rooms, homeowners may find it 

difficult to use DMSHPs as a primary heating system as this would under heat other portions of the 

home.  

Though the challenge extends to boiler-heated homes, it might be more solvable in such circumstances 

because boilers often supply separate zones, served by separate thermostats controlling zone valves or 

separate secondary pumps. In homes with individually controlled electric strip heating, primary systems 

can be more readily replaced with a DMSHP.  

To increase DMSHP heating use and associated savings, the zone served by the DMSHP should match 

the primary system zone. This can be accomplished by targeting homes with zoned (i.e., oil or propane-

fired) boilers or by installing multi-head systems. The homeowner would then set the DMSHP 

temperature setting above the primary system thermostatΩǎ ŘŜŀŘ ōŀƴŘ όŜΦƎΦ, 3-4°F). For example, if the 

DMSHP were set to 70°FΣ ǘƘŜ ǇǊƛƳŀǊȅ ǎȅǎǘŜƳΩǎ ǘƘŜǊƳƻǎǘŀǘ ǿƻǳƭŘ ōŜ ǎŜǘ ǘƻ ст°F.  

This situation could be improved if ǘƘŜ 5a{ItΩǎ ǘƘŜǊƳƻǎǘŀǘ ŀƴŘ ǘƘŜ ǇǊƛƳŀǊȅ ǎȅǎǘŜƳΩǎ thermostat 

communicate with each other. When the room was no longer occupied, set points could drop to lower 

temperatures. This way, the DMSHP would become the primary heating system, and additional zonal 

savings could be achieved ōȅ ƴƻǘ Ŧǳƭƭȅ ƘŜŀǘƛƴƎ ǘƘŜ ƘƻƳŜΩǎ unused spaces. 

Recently, products from major makers of ductless systems and wireless thermostats have made 

progress in developing systems that work together. The evaluation team recommends that makers of 

various smart thermostats and DMSHP manufacturers continue to collaborate in developing protocols 

that allow devices to communicate. 

Recommendations  

Program 

Recommendation: The evaluation team recommends exploring ǿŀȅǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ t!ǎΩ ŜȄƛǎǘƛƴƎ ƭƻǎǘ 

opportunity program for DMSHPs, such as how best to encourage the installation of multiple DMSHP 

heads to better match existing zones and displace primary system operation. Although the EFLHs 

decreased from the values prescribed in the Massachusetts TRM, the study still finds that a modest level 

                                                           

11  Forthcoming Cadmus DMSHP study in Vermont. 



 

24 

of savings are achievable by moving from a standard efficiency DMSHP to a higher efficiency DMSHP. 

Substantially more savings could be achieved (i.e., the top 25% of savings) if newly installed DMSHPs are 

operated more regularly and continuously by better matching and integrating them zonally with primary 

heating systems, through better configuration design and installation and contractor and customer 

education and training. For example, contractors would focus their design efforts on specifying the 

appropriate number and size of DMSHP heads to match and heat entire zone(s) rather than a single 

room. Customers would then be educated on how to properly set the set points for both their primary 

and DMSHP heating systems, which will depend on their primary fuel type and outdoor temperatures. 

Finally, establishing program incentives for the generally more efficient, cold climate heat pumps would 

lead to increased program savings. 

Recommendation: The evaluation team recommends exploring methods for targeting homes with 

electric resistance heating for DMSHP retrofits. DMSHPs will nearly always be less expensive to operate 

than electric resistance heat, as shown by the COP of DMSHPs remaining above 1.0 on average for 

nearly all outdoor temperatures. Even at very cold temperatures where some non-cold climate units 

approach a COP of 1.0, the number of hours in this condition are very few. Prior to new activities, 

program and consumer cost-effectiveness would require review. 

Recommendation: The team recommends targeting propane-heated homes for DMSHPs. As  

Figure ES-6 and Figure ES-7 show DMSHPs always operate less expensively than propane heating 

systems. Prior to new activities, program and consumer cost-effectiveness and regulatory considerations 

for fuel switching would require review. 

Recommendation: The team recommends exploring methods for addressing oil-heated homes. To 

target these homes, homeowners should be educated to turn off a DMSHP during very cold outdoor 

conditions (below 8°F in 2015 and below 25°F in 2016), when an oil-fired system would operate less 

expensively (depending on energy prices and cold temperature COPs). This operating scheme, however, 

may not appeal to all customer types, as many may not wish to concern themselves about which heating 

system to operate and when. If oil prices increase against electric energy rates, the switchover 

temperature point for oil to DMSHP heat may move lower, allowing continual use of a DMSHP. 

Switchover points for all fuel comparisons will decrease as more efficient DMSHP units become 

available. Prior to new activities, program and consumer cost-effectiveness and regulatory 

considerations for fuel switching would require review. 

Recommendation: Based on large energy-usage differences in DMSHP-cooled homes and central air 

conditioner-cooled homes, the team recommends examining opportunities for a new construction 

measure to substitute DMSHPs for central air conditioners. 

Future Studies 

This study provided a great deal of data describing how DMSHPs actually operate in Massachusetts and 

Rhode Island homes. These operations varied widely among units, with some used heavily and others 

used more like appliances turned on for short periods. Highest savings could be achieved by targeting 
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homes where such units would deliver greater amounts of heating and cooling (i.e., where they can be 

installed to match the zoning of existing systems).  

Another factor in increasing DMSHP savings will be development of controls that allow ductless systems 

and primary thermostats to interact and share information. The evaluation team recommends either 

targeting studies for new construction homes without natural gas available and where central air 

conditioning systems would be installed; or existing homes with electrical resistance and propane 

heating. These studies would help refine the best ways for DMSHP programs to achieve maximum 

savings.  

Other future studies could explore the use of interfaces between learning thermostats and ductless 

systems. Future research questions include the following: 

¶ How can utilities target homes with a high probability of using DMSHPs to displace more heating 

and cooling, therefore producing higher savings? 

¶ What potential exists for new high-HSPF units to displace heating? 

¶ What optimal zonal and control characteristics maximize use of DMSHPs? 

¶ For new construction, how large would zonal savings have to be to avoid installations of single-

zone central systems? 
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Introduction  

Ductless mini-split heat pumps (DMSHPs) have supplied heating and cooling to homes across Europe 

and Asia for decades. Larger houses and colder climates partly explain the relatively slower adoption of 

these systems in the United States. Starting in 2008,12 however, utility efficiency programs in the Pacific 

Northwest began marketing the technology to North American consumers and identifying its role in the 

residential HVAC market. The Massachusetts and Rhode Island Program Administrators (PAs) and Energy 

Efficiency Advisory Council (EEAC) consultants commissioned this study to better understand the 

impacts of DMSHPs installed in New England homes.  

Figure 1 and Figure 2 show a typical DMSHP system installed at a residence in Massachusetts. 

Figure 1. DMSHP Outdoor Unit 

 
 

Figure 2. DMSHP Indoor Unit 

 

                                                           

12  Northwest Energy Efficiency Alliance. ά9ŦŦƛŎƛŜƴǘ 5ǳŎǘƭŜǎǎ IŜŀǘ tǳƳǇǎ ό²ŀǊƳƛƴƎ ǳǇ ǘƻ 5ǳŎǘƭŜǎǎ IŜŀǘ tǳƳǇǎύΦέ 

Last modified 2016. Accessed June 30, 2016. http://neea.org/initiatives/residential/ductless-heat-pumps 

http://neea.org/initiatives/residential/ductless-heat-pumps



















































































































































































































































